It is well-known that, when dealing with density of population, most of the proposed maps choose the easiest and probably the most understandable cartographic method, i.e. the choropleth method. Nevertheless, for heterogonous spaces and those observing intense spatial dynamic, it is proven that this method has many lacks and deficiencies. This is the case of Jeddah city (the second largest city in Saudi Arabia), which is a very contrasted urban place with regards to its social structure, spatial organization and land use besides the fact that it witnesses a profound and continuous urban growth. Yet, most of the planning decisions are often taken on these types of maps and may mislead the urban planners. In this context, the dasymetric maps reveal very useful because they may give the real distribution of the population. Therefore, we think that establishing a dasymetric map at a convenient scale with regards to the results of satellite image processing may help the planners and the geographers as well as the common users. Indeed, this method may be an interesting alternative to the classic choropleth map. First it may improve our estimations towards the density within the various areas of the districts. Second it may refine the original enumeration units often using the administrative apportionment and therefore help the planning and agricultural agencies when establishing their base maps. The satellite image processing and GIS were used as tools in this study.
Introduction
Sustainable development requires access to data, information and knowledge about the study area. Often referred to as geographical or spatial data, is the information tied to a specific location, this one is an indispensable part of the available knowledge at modern science of Information and Communication Technology (Ajmi et al., 2014) . Remote sensing and GIS will be used in the present study and help as ancillary data to establish an accurate population density map of Jeddah City, located on the coast of the Red Sea and which is the second largest city in Saudi Arabia after the capital city, Riyadh. Jeddah City is divided into is into 95 districts (Figure 1 ), its population is currently estimated around 3.4 million and constitutes one of the most important commercial urban poles in Saudi Arabia.
The assessment of population density will be done through the establishment and the comparison of both choropleth and dasymetric maps of Jeddah City based on the land use distribution with regards to the results of satellite image processing. The dasymetric mapping is a thematic mapping method developed and named in 1911 by Veniamin Petrovich Semenov-Tyan-Shansky and popularised by J.K. Wright (Petrov, 2012) . Since that date, several attempts to implement the method through various spaces whether national, regional or urban with a certain degree of success. The term "dasymetric mapping" was first used by Russian geographers who described dasymetric maps as Figure 1 . Study area. density measuring maps (Wright, 1936) . Dasymetric mapping is used in Cartography for population density over other methods, because of its ability to realistically place data over geography (Dhieb, 1991a (Dhieb, , 1991b (Dhieb, , 1995 . This method can improve accuracy of traditional choropleth maps usually used in this field. The dasymetric method was applied by many researchers around the world (McCleary Jr., 1969; Sleeter and Gould, 2007; Jaullt and Serradj, 2011) .
The information generated from a dasymetric population density map could provide useful assistance to district administrations, especially those responsible for regional or city development and land management (Bielecka, 2005) . The Spot 5 satellite image of Jeddah City used in the present study will be classified using the Spectral Angle Mapper supervised classification method. The obtained land use image will be updated using Google Earth Pro and then transferred to ArcGIS ESRI GIS software into vector format.
Data Description
Different data types were used in this study. First, the statistical population data in the different districts of Jeddah City were taken from the services of Saudi Arabian central department of statistics and information based on districts population numbers (2014).
The population number was first drafty represented by district on a simple graded-circles map based on the Flannery method of designing in order to fit the perceptual rules ( Figure 2 ). Of course, the map doesn't take into account the difference of areas of the districts which spread from 0.4309 to 34.817 sq·km, that to say, a ratio from 1 to 80.8, whereas difference from the less populated district to the most populated fan out from 118 to 159,484, a ratio scattering from 1 to 1351.5. The map shows noteworthy distances between central and surrounding districts.
Second, the base map of Jeddah City uses the districts contours as well as the inner subdivisions limits. These limits may furtherly reveal very useful when calculating densities over effective uninhabited areas and therefore implementing the dasymetric map method.
Third, as ancillary basic data, the use of the satellite image and Google Earth images allowed the extraction of the updated inhabited zones from the study area to calculate the real densities of population. The purpose is to distribute the population only on the populated zones. The satellite image of Jeddah City (SPOT 5) was taken on July 30 th , 2010, with a 2.5 meters resolution; it was used for representing the land use and then the real population density. Google Earth Pro was used to update field land use data.
Therefore, instead of using administrative units portraying the densities through various choropleth maps, the dasymetric maps are based on effective homogeneous likelihood zones (Dhieb, 1991a (Dhieb, , 1991b . These new subdivisions may be portrayed with or without referring to the original limits. In our case, in order to make the original subdivisions stable in the users' minds and perception, we preferred keeping all together the Districts limits with the new limits. 
Methodology and Results
The extraction of the land use map was done by classifying the Spot 5 image using ENVI image processing software. The goal of the classification techniques is to determine to which class is belonging each of the pixels in the image, following an approach where the accuracy of the results can be analyzed statistically (Bonn and Rochon, 1992) .
The chosen classification method is the spectral angle mapping (SAM). According to South & Lusch (2004) , the comparison between five supervised classification methods:
Minimum Distance, Mahalanobis Distance, Maximum Likelihood, Spectral Angle
Mapping, and the Cosine of the Angle Concept shows that Spectral Angle Mapping is the most suitable classification algorithm. Spectral Angle Mapper (SAM) is a physically-based spectral classification that uses an n-D angle to match pixels to reference spectra. The algorithm determines the spectral similarity between two spectra by calculating the angle between the spectra and treating them as vectors in a space with dimensionality equal to the number of bands. This technique, when used on calibrated reflectance data, is relatively insensitive to illumination and albedo effects. End member spectra used by SAM can come from ASCII files or spectral libraries, or you can extract them directly from an image (as Region Of Interest average spectra). SAM compares the angle between the end member spectrum vector and each pixel vector in n-D space.
Smaller angles represent closer matches to the reference spectrum. Pixels further away than the specified maximum angle threshold in radians are not classified. SAM classification assumes reflectance data. However, if you use radiance data, the error is generally not significant because the origin is still near zero (Kruse et al., 1993) . The simplest way to illustrate this method is to create a 2D scatter plot of an image spectrum and library spectrum in a two-band image (Figure 3 ). The classified image has to be afterward transferred to ESRI ArcGIS software. The GIS technique is actually an effective tool making the data analysis easier to handle large spatial data and provide high capabilities of analysis (Hamza et al., 2007) . In the present study area, six types of Regions of Interest (ROI) were extracted: Continuous urban fabric, Discontinuous urban fabric, Green areas, Bare soil, Urban waste, Sea-Port. These ROIs were used as training sites to identify areas in the Spot 5 image following SAM supervised classification. The distinction between the different types of land use is based on the difference between spectral signatures of samples and verification on Google Earth Pro. The ENVI software is able, from various selected samples and after classification, to provide us the confusion matrix.
We were able in this study to extract the choropleth map by considering the totality of the area of Jeddah City, based on the districts, without particular distinction of the built-up areas. The extracted choropleth image was afterward transferred to ArcGIS ESRI GIS software under a shapefile vector format. The data related to the number of persons in the population and those relating to the area of Jeddah City districts were introduced in the fields of the attribute table of the shapefile. This will subsequently allow to calculate the population density in the study area (Population density = number of people/land area). The choropleth map is covering a total area of 752.661 sq·km; it shows population density values varying between 7 and 57,359 inhabitants per sq·km; these values were classed into five classes by using two different methods: the equal interval method and the Jenks method (Table 1 and Table 2 and Figure 4 and Figure 5 ).
The dasymetric method gives a better view of population distribution over a given area than conventional choropleth maps (Bielecka, 2005) . Zones outside of the built areas were excluded from the dasymetric map. As we proceeded for the choropleth map, the dasymetric map was extracted from the Spot 5 image classified through SAM supervised classification. The population density was calculated as same. The extracted dasymetric map has a total area of only 244.321 sq·km (752.661 sq·km in the choropleth map). The population density varies between 24 and 62,391; these values were classed into five classes by using two different methods: the equal interval method which shows the dissymmetrical distribution of the densities (Figure 6 ) and the Jenks method which is more respectful of the groups of densities (Figure 7 ). This latter has the advantages of portraying the distribution of small groups of densities with respect to the data physionomy and profile. Besides this, it may lead to different class limits over 2 statistical series (Table 3 and Table 4 and histograms Figure 8 and Figure 9 ).
Discussion
The use of high spatial resolution images, as the Spot 5 image used in this study, could help in the production of dasymetric map and then the representation of the real distribution of population density. These types of images would take into account the different types of built-up areas to better distribute the population densities. The extracted dasymetric maps are more accurate than the choropleth maps, whether using the equal interval or the Jenks method. Moreover, we do think that this statement applies for the other partition methods. But the Jenks method fits the distribution of densities. The population density is calculated by taking into consideration only the built-up areas with a total area of 244.321 sq. Unlike in choropleth map, the entire surface of the study area is considered, even outside of built-up area (752.661 sq·km as a total area). 
Conclusion
The primary contribution of this research is the presentation of two dasymetric maps of Jeddah City departing from population data, satellite image processing and other ancillary data. These dasymetric maps are more accurate than the classic choropleth maps usually used when portraying population density because they take into account only the built-up areas. For that, two partition methods were used: the equal intervals and the Natural breaks methods. Now, we know that Jeddah City has numerous unbuilt spaces or even built spaces that are inhabited. These spaces were deduced from processing the satellite image Spot 5 (2.5 meters resolution) of Jeddah City. These images were used to extract the land use types by classifying the image using ENVI image processing software. The used classification method was the spectral angle mapping (SAM). The classified images were transferred to the GIS software ESRI ArcGIS under a shapefile vector format. This was essential to add the data related to the number of individuals in the population and those relating to the area of Jeddah City in the fields of the attribute tables. This study can be done in the next years for other cities in the Kingdom of Saudi Arabia.
